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 /jtZ
huj[¥E^ylq]_^ jtZ/^!cen/p/frj©gm^?s¡lq|jtZ/^bdjkhu| v ]_^?sxZ|tcmjt^|/h<s v ^sky|kcm¥E^ v cen
st^yjtcelqn D/¢  ¢
  
* <%': *+,7# ?(<% < C: (< #&8
 n ^h<yZ®p/|kcm]hq|tw lqp/jtce]Bciskh%jtcelqnAsjk^p§::^|k^p/|k^st^nNjjkZ/^  cen/ sx^?yjtcelqns4cmjtZ %` ¦%hu|kcehq¥/gm^?s





zd^ v ¡l<|B^?hqyZ lqjtZ
^)jl st^yjtcelqn
s¢ Y l sx^jBf
p hun v
|kf/n)jtZ/^ lqprjkcm]_cisthujtcelqnsjk^p)^ Z
hR¦q^cm]_p/ge^]_^nNjk^ v jkZ/^ D/|klqnNjtce^|^nd¦dce|tl<n/]_^nNj28446°¢ D/|klqnNjtce^|cish
p
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n§        A  7   Z/ceyZ­|k^h v sjkZ/^_cmn/p
frj!©
gm^?s |tf/nsXjkZ/^  	 /    	  p/|klqq|hu]
Dsx^?yjkcml<n­




hujkyZ­]Bl v ^<¢bNjkhq|  
|k^h v sMh]hqy|klcen)Z/ciyZ)hugegjtZ/^ ylq]_]hun v sMn
^^ v ^ v jkl v ^©
n/^jtZ/^cmn/4q^lq]_^jk|tw_hun v ]B^?sxZhu|k^
v ^©




q^hqyylq| v cen/qgewojtljkZ/^     ³     
hqn v     ³      ©
ge^s[p
|tl v f
y^ v ¥dwjtZ/^  	 &    	 ®p/|klqq|hu]o¢
j!jkZ/ces!pElqcenNjhst^ylqn v hup/p
gmciyhujtcelqn§   =   * ³ cis!|tf
n§§hun v cmjks ¡f/n
yjtcelqn cisXjklo^zr^yfrjt^_cen
¥h%jkyZ]_l v ^jtZ/^4bdjkhu|  nNf
]B^|tciyhqg hunhugewdstcis¢  }jkZ/^yhqgeyf/gih%jtcelqnsXhu|k^yl<nd¦q^|kq^ v hqn v n/l)^|k|tl<|
©gm^cisp/|kl v f
y^ v 8h<slqf/g v ldyyf/|?r¡l<|^z/hu]_p/ge^qZ/^njkZ/^cen/q^lq]_^jk|tw)cessxl_f/n
skh%jkcesx8hqyjtl<|tw
jkZ
h%j!jkZ/^]_^stZ cis v cisjklq|tjt^ v  hgeh<sjhqp/p/geceyh%jtcelqn       9 5 A  7   ces!|kf/n§¢Y[Z/^_gihqsxj l<n/^_ces
fsx^ v jtl_yhqgeyf/gih%jt^XjtZ/^ v |hu4hun v gmcmjyld^!yce^nNj[lqn)jtZ/^ cmn
Bstf/|t8hqy^<rhun v jklByhugiyf/gih%jk^XjkZ/^jtlujhug
¦<lqgef/]_^lu}jkZ/^cen/¢geg jkZ/^st^ v h%jkh)hu|k^|tcmjxjk^n¤cenjkZ/^jk^zdjX©
ge^   ,  EZ/ciyZ¤cis|k^p/|k^st^nNjt^ v
cen©

¢ `B¥Nw)jtZ/^gihqsxjceylqn/^!cmjtZh v cisx¨S¢
;­^yhunst^^XjtZ





gm^?s  A   : hqn v 9  ,  ^q¢ D/lq|X^hqyZolq'jkZ/^] :^ v ^©
n/^4hylqnsjk|khqcmnNj
|k^p
|t^?sx^n<jk^ v ¥dw hAyZ
hucen§hqn v l<n/gew ¡lq|  A ^ v ^©






v ^|kcm¦<^ v ¡|tl<]²jtZ/^l<|tceqcen
hqg§n
^|hcen/_lqfrjkp/frj¦%hu|kcihu¥/ge^s¢




sxjt|hucen<j y A   
  A yl<n
sjk|khqcmnNj y :      A yl<n
sxjt|hucen<j  5 :  # 	"! 	 %$#"% % '& (() 	"! 	 %$#"% %  & ( ) *,+  +.- 
¢ <FHlq¥/~^yjkcm¦<^ ]_cen/cm]_cisx^y A












s¥E^yl<]_^¦q^|kw1st]hugeg v f/|kcmn/ojkZ/^lqp/jtce]Bciskh%jtcelqn hqn v hugmjtZ/l<f/qZ jtZ/cis]hRw
|k^stf/gmjBcen hqyy^prjhu¥/ge^hu^|tl v wdn





yjkf/|hugEp/|tl<¥/ge^]s v f/^jkljkZ/^Xp/|k^skstf/|t^sjk|t^?stst^sMlqnjkZ/^Xcen/¢ D
lq|:jtZ/cis|t^?hqstlqn^¡l<|ky^
jkZ/^|k^gih%jkcm¦<^ v c :S^|k^ny^lqjkZ/^jklujkhqgMcen/¤¦<lqgef/]_^    ,  cµjkZ |k^stp^?yjjkljtZ/^)lq|kcm<cmn
hqg}lqn/^












¢ CHruZ/cege^jtZ/^sx^gm^?yjtcelqnhqn v ]frjh%jtcelqn_l<n/^ces:sx^j}jtl
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s v ceskyf

























lqylqnNjt|klqgSpElqgewdqlqns[lugehq|t<^|hun v gihu|kq^|ndf/]4¥^|lu^ v q^s   v ^q|k^^^gm^¦%h%jtcelqn  ¢:bNjkhq|xjkcmn
BcmjtZ
























































h<yjk^|kcest^ v ¥dwhstgecm<Z<j v c :S^|k^n
y^lucmjkspElqcenNjksXlq| v cmnh%jt^?s jkZ
h%j:^yhuno^zrp/|k^sks¥dwjkZ/^   n/l<|t]8^E¢84 §¡lq|y^ v jkl!¥^ge^sksjtZ
hqnBh©/zr^ v jklqge^|hun
y^ + 2846 hqn v ¥dwh Z/ceqZ
^||t^qf/gihu|kcmjwlucmjks}ylqnNjt|klqg
pElqgewdql<n§d]B^?hqstf/|k^ v ¥NwjtZ/^     ³  ³YB  ¡^E¢ @ ¢
Y[Zdf
s cen jtZ
ces4sx^?ylqn v hu|kw¤lqp/jtce]Bciskh%jtcelqn §jtZ
^¦%hu|kcehq¥/gm^?syl<n
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 njkZ/^ ¡lqgegml%cen/sx^?yjkcml<n^ v ^sky|kcm¥E^ jtZ/^p
|tl<q|hu]s:^!Z
hR¦<^f
st^ v ¡l<|[jtZ/cislqp/jtce]Bciskh%jtcelqn ¢
 -   




st^[jtlpE^|t¡lq|k] jkZ/cesMlqprjkcm]_cisthujtcelqn_cisyhqgmge^ v     
	 254?6°¢scen/p/frj
©gm^?scmj4yl<n
sxc v ^|ks!jkZ/^ &)( ³     






<f/|khujtcelqnlq¥rjhucen/^ vv f/|tcen/_jkZ/^p/|kcm]hq|twlqprjkcm]_cisthujtcelqnogeh<sj sjk^p¤hun v
ylqn
stc v ^|k^ v hqs§jkhq|t<^j§lqn
^qRhun v jkZ/^©






stc v ^|t^ v
cenjkZ
h%j!sjk^p§Qhun v f


















¥dwjtZ/^   ,   
 ©gm^<¢[Y[Z







^no¥^ v c :S^|k^nNj¢





ge^s '& )(  
 hqn v '&(  
  hqn v jtZ




cesMp/|tl<q|hu] cesjtl v ^©
n/^XjtZ/^cen/cmjtcihugEq^n/^|h%jkcml<n¡l<|jtZ
^Xp/|kcm]hq|tw4lqprjkcm]_cisthujtcelqnn/^zNj
sxjt^p§¢  n 8hqyj:^)n/^^ v jtl1ylqn
st^|k¦q^BjtZ
^)cenr¡lq|k]h%jtcelqn l<¥rjkhqcmn/^ v cmn jkZ/^gihqsxjp/|kcm]hq|tw­sjk^p§¥/frj
jkZ/^¦%hu|kcehq¥/ge^s:jtZ
huj v ^sky|kce¥^ jtZ






hqsjtZ/^njtl4|t^?h v jkZ/^ v ^stcm<n¦Rhq|tcihu¥
gm^?sluQjkZ/^Xgihqsxj:p
|tce]hu|kwBsxjt^p¥^?sjcmn v cm¦dc v f
hqges
¡¡|tl<] jkZ/^©
ge^ &    
  }|k^p/|kl v f




shqn v |kf/no¡lq|^h<yZcmn v cm¦dc v f
hughun/lqjtZ/^|p/|klq<|khq]"$#% & 	!EZ/l<st^¡f/nyjtcelqn1ces
jklp/|kl%¦Nc v ^jtZ
^ v ^stceqn_¦%hu|kcehq¥/gm^?s¡lq|}jkZ/^n/^ hq¥
skycistskh v cesxjt|kcm¥






^lq¥r~^?yjkcm¦<^cesjtl]_cen/cm]_cisx^XjtZ/^  n/l<|t] ¡f/n
yjtcelqn§N^h<yZ_geh<sj:sxjt^pcmn v cm¦dc v f
hqg
¥E^cen/hn/^jhu|kq^j}yf/|k¦q^q¢gisxl ¡l<|jtZ/cisjtZ
cm| v ¯°gm^¦q^grl<prjtce]_ceskh%jkcml<nh<|kh v ce^nNjx¯°¥
hqst^ v ]_^jtZ
l v cisf
st^ v Nhun v_v f/^
jkl)jkZ/^B¡^ ndf/]4¥^|!luM¦%hu|kcihu¥/ge^s hun v jtljtZ
^4gel% yp
fr¯ v ^]hun v cmn/©/jkn/^sks¡f/n
yjkcml<n§QjkZ/^_|t^?sxf/gmjks
hq|t^ lq¥/jkhucen/^ v ce]_]_^ v cih%jk^gew¡lq|^?hqyZcmn v cm¦dc v f
hugÎ¢
' ×Ç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 ³ 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 4?
 n p
hu|tjtciyf
gehq|E:^Bsx^jjkZ/^  	        Ap
|tl<q|hu] cmn lq| v ^|jtl|t^p/|tl v fy^qE¡l<|XjkZ/^Bu%¯Ìq M lq
jkZ/^!n/^zdjp/|kce]_hq|twsxjt^p©











ge^    
 }jtZh%j4cegeg:¥E^)|k^h v ¥dw  	   
	 h<scen/cµjkcehqg:<^nr¯
^|khujtcelqn¡l<|!jtZ/^_p/|kce]_hq|twol<prjtce]_ceskh%jkcml<n1n/^zNjsxjt^p§¢ 7 l%:^¦q^|Ecµjcis cm]_pElq|tjkhqn<j jtlon/lqjt^BjtZh%j!jtZ/^










jtn/^?stslu[jtZ/^?sx^cen v ce¦dc v f
hugishq|t^4sxgecm<ZNjtgew v c5:S^|k^nNjSpE^|kZ
hup
s yl<|t|k^stpElqn v cen/_jkl)ge^sksX^"!ycm^nNj v ^?sxceqn
s¢ªfrj Z
h%j




















hqn v jkZ/^|k^stf/gµjs[lq¥rjhucen/^ v p/|kl%¦q^jtZ/^fsx^¡f/gmn
^skslu'jtZ/cishup
p/|tlNhqyZ§¢
 &-   ,=$   ( $   (   $0!  !   0$0!1(3"
?  01!3# ?(<% < C: (< #&8  *#  ! 
 n©
<f/|k^!£B^sxZ/l%JhBgml<qciyX½l%[¯°yZ







s:yZhuprjk^|?NcenjkZ/^!p/|kcm]hu|kwlqp/jtce]Bciskh%jtcelqnsjk^p§  	 $3 
	 |t^?h v s
xbez_1/2.dat 
GA ( FRONTIER ) 




     STAR 
fit.out 
PRIMARY     
OPTIMISATION
STEP        
repeat for 10−15
generations of  
40 individuals  






optimisation for  
more steps        
SECONDARY   
OPTIMISATION
STEP        
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cen    
 jkZ/^©
|sxj:q^n/^|h%jkcml<n v ^stceqn













jkZ/^  	 /    	  p/|klqq|hu]cmj[|kcmjt^s:jkZ/^sx^?yjtcelqns:<^l<]B^jt|kw_cmnjtZ/^ ©
ge^s    ³       ¢




s_hun v p/|kl v f
y^s4jtZ/^opEl<sxjx¯
p
|tlry^?ststcen/©gm^    ,  jkZ
h%j v ^©
n/^?s[jtZ













^|h%jtcelqnsh<s!©/zr^ v jtl 4?/¢ ; Z/^n jtZ/^
p
|tce]hu|kw¤lqprjkcm]_cisthujtcelqn sxjt^p cisylq]_p/ge^jk^ v 'jtZ/^)¥^?sjcen v ce¦dc v f
hugsx^?yjtcelqnsq^lq]_^jk|tw ces<cm¦<^n­jtl














<^n/^|khujtcelqnBlu v ^?sxceqns}¥dwjkZ/^p/|klq<|khq] 	?      ujkZ






s ^|k^pE^|t¡lq|k]B^ v Qhun v cmn1©
qf
|t^B_^Byhun1st^^4jtZ/^















Step 1 Step 2 Step 3 Step 4



























sxjt|hucenNjks/hu|k^!|t^p/|t^?sx^nNjt^ v ¥dw)pElqcenNjks¢ ; Z/^njtZ/^<^l<]4¯
^jt|kwyl<|t|k^stpl<n v cen/jkl_h4qce¦q^n v ^?sxceqncesstl v cisxjtlq|tjt^ v jkZ
h%jn/l4©/jtn
^sks[¦Rhqgmf
^cisp/|tl v fy^ v ¥dwjtZ/^
hqn
hugewrsxcisXyl v ^qSh)yhqst^4yl<n
stc v ^|t^ v hqs  ^|t|klq| v ^stcm<n  n/lsxwd]4¥l<ghqp/p^?hu|sl<njtZ/^4p/geluj¢  n
sxjt^?h v 
jkZ/^yce|yge^s v ^n/lujk^_¡^hqstce¥/gm^¦%hqgmf/^?s¢Y[Z
^sx^jlu[¥^?sj 8|t^?sxp§¢):l<|ksxj X¡^h<sxce¥/ge^ v ^stcm<n yce|kygm^?shu|k^
ylqn/n












 ³ 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 ³ 4KH
skh%jkcml<n)sxjt^plu 4AHq^n
^|h%jtcelqnsqjtZ/^!|k^ v f
yjtcelqnlu§jkZ/^y A v |huByld^!yce^nNj[h<sMgece]Bcmjt^ v jkl£/¢ `CH M)
Z
cmge^h%jt^|jtZ











Y[Z/cis)ylqnr©|t]sl<f/|ZdwdplqjtZ/^?sxcis E ¥dwAh p
hq|khq]_^jt^|tciskh%jtcelqn |t^?hugecestcen/ h ¥^jxjk^|©/jxjkcmn/®lu!jtZ/^
st^yjtcelqn









lq§¡^h<sxce¥/ge^!cmn v cm¦dc v f
hugiscmn^h<yZ)<^n/^|khujtcelqn§<jtZ

























h<y^<dhqn v jtZ/cispE^|k]_cµjs[cm]_p/|kl%¦q^ v l<prjtce]_ceskh%jkcml<n
s¢










<f/|h%jtcelqnsN|t^gehujtce¦q^gmw4jtl4jtZ/^ v |hu4hun v gmcmjyld^!yce^nNjshqn v jkljkZ/^jtlujhug
cen/_¦ql<gmf
]B^<¢












































n/^_jkZ/^¥E^sxj|tldlqjhqn v jtcep sx^?yjkcml<n
shu|k^hugisxlocen v ciyh%jk^ v ¢ ; ^yhun st^^_Z/l% jtZ/^|kldluj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pressure on tip sections
−  best section      
. . original section 




































yZ |k^ v f




 ³  ³  ³ 4 B
Dceqf/|k^=4 E{|t^?ststf/|k^X©
^g v slqnlq|kcm<cmnhug ¡ge^j  hun v ¥E^sxj¡|kcm<Z<j  n/^|hBcmn/ylqnr©
<f/|h%jtcelqns
Ü'Ü Ç>??@A
4?   5 ³
	   ³ 
  ³

























































































Dcm<f/|k^ 4 4 E}ª«¬cm^|ylqnNjk|tl<gEpElqgewdql<n¥E^¡l<|t^hun v hujt^|^¦q^|tw)st^ylqn v hu|kwBl<prjtce]_ceskh%jkcml<nsxjt^p
×¡ÛÜ§×Ý
  	


































hR¦<^[jtZ/l<f/qZNj:jtlpE^|t¡lq|k] hgeh<sj v c5:E^|t^n<j:lqprjkcm]_cisthujtcelqn)sxjt^p§¢}Y[Z/cesjtce]_^q
^|k^¦q^|kst^ v jtZ/^X|tl<gm^?sp/gehRw<^ v ¥dw4hu¥stycesksth hun v l<| v cmn
hujkh luQyl<nNjt|klqgrpElqcen<js EZ/l<g v cen/!jkZ/^lq| v cen
h%jh
©




|tlNhqyZ ces v l<n/^~f
sxjhqsh1gmlryhug|t^©
n/^]_^n<jBlujkZ/^)¥E^sxj_stlqgefrjkcml<n§hqsjtZ/^¦%hu|kcehujtcelqn cen
<^l<]B^jt|kwAhqgmgel%^ v ¥dwAjtZ/cis]B^jtZ/l v cesn/lujo¦q^|twAgihu|kq^qhqn v lq4yl<f/|kst^¤^1n/^^ v n/luj^zrp/gelq|k^
stlqgefrjkcml<n
sjkZ












hugNlqn/^<¢  nBjkZ/cesgihqsxjsjk^p_^ZhR¦q^p^|x¡l<|t]_^ v  sx^|tce^s
lq 4<^n/^|khujtcelqn








!jtljkZ/^ v ce|k^yjkcml<nluQjkZ/^X¥E^sxj v ^?sxceqns}¦%hu|kcehq¥/gm^?s¢




^ v c v n  jXyZ
hun/<^hundw]_lq|k^XjkZ/^p
hq|khq]B^jt^|tcisthujtcelqn§¢





































q   5 ³
	   ³ 
  ³






<f/|h%jtcelqn y A Mcm]_p/|kl%¦q^]_^nNj
l<|tceqcen
hug§£ `
¢ u`    #1 
¥E^sxjXsjk^p
 /¢ @ @    #1 4/¢B M
¥E^sxjXhu¥
skycisksthBh v ~fsjk^ v /¢ 4
   #1 qr¢ÐFM




hq|khq]_^jt^|tciskh%jtcelqn Nl<|XstZ/lqf/g v :^



























^|^7:El<|xjs)stZ/lqf/g v ¥E^¤]h v ^jkl ¥E^jxjk^|f/n v ^|ksxjkhqn v jtZ/^









huj!jtZ/^yZ/l<cey^4lq[hqn ce]_p/|kl%¦q^ v p
hu|hu]_^jt^|kcm¯
skh%jkcml<n ces¦<^|kw1^7:E^?yjtce¦q^_jkl¤ce]Bp





shq|t^_|k^p/|k^st^nNjk^ v ¥Nw­ª«¬ce^|yf/|k¦q^shqn v jtZ/^
hq¥
skycistskhqshu|k^©/zr^ v hun v f/n
cµ¡l<|t]_gew v cesxjt|kce¥/frjt^ v Z
cmge^BjtZ/^Blq| v cen
h%jk^s!hu|k^jhu¨q^n h<s v ^stcm<n1¦%hu|kcµ¯
hq¥/ge^sNZhqs[p/|kl v f
y^ v cenl<f/|[jt^?sjt¯°yhqst^h v |huB|t^ v f






























































huj:^|t^h v ]Bcmjxjk^ v ¢
Dcen
hugegewqul<f/|}^zrpE^|kcm]_^nNjcen v ciyhujt^ v jkZ
h%jhst^gm¯°h v huprjkcm¦<^:phu|hu]_^jk^|kceskh%jkcml<n|k^stf/gµjscmn ±°³ ´h gihu|kq^|
ndf/]4¥^| lqr¡^hqstce¥/gm^sxl<gmf/jtcelqn
s ¡cen v ciyh%jkcmn




 ³  ³  ³ 4
v ^stcm<n)lqp/jtce]Bciskh%jtcelqn dhqn v ±°³³³ ´!hn/l<nr¯°cmnNjtf
cµjkcm¦<^ v cisxjt|kcm¥/f/jtcelqnlu'hq¥
styceskskhqsM¡lq|jtZ/^ª«¬cm^|ylqnNjt|klqg




<   5 ³
	   ³ 
  ³
. "4##
  /    0 . /     
 /  / .  3    #   .    /    
/¢54 G ^lq]_^jk|tw)lujtZ/^£)n/^|kh4cen/ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ `
/¢  :l<]_p/frjkhujtcelqn
hqgQ]_^stZ&¢¢!¢¢!¢¢¢ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ H
      #  /   	  /         /  # 	 /   






¢54<¢54   G :! p/|klq<|khq] ¢!¢¢¢ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ 

¢54<¢  ª   Jp/|klqq|hu] ¢!¢¢¢ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ 

¢54<¢   }Y   &  p/|tl<q|hu] ¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ 

¢  {|tce]hu|kwlqprjkcm]_cisthujtcelqno¢¢!¢¢!¢¢¢ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ @

¢  br^yl<n v hq|twl<prjtce]_ceskh%jkcml<n ¢¢!¢¢¢ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢%4 4

¢ 
¢54   4q¢ D  hun v  {Y[`¢ D  p
|tl<q|hu]s!¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢%4R










`¢ `  gihqsxj|t^]hu|y¨ ¢¢¢!¢¢!¢¢!¢¢¢ ¢¢!¢¢!¢¢¢!¢¢!¢¢ ¢¢!¢¢¢!¢¢!¢¢!¢¢¢ ¢¢ q
 . 
. 0    
×¡ÛÜ§×Ý
  	
 ³  ³  ³ q
& %#)+
2846  ¢ G l<g v ¥^|t    7 ³3      ³    ³        ³  ³ (  ³   
    N³   1 
³  
 v/v cestlqnr¯ ;­^stgm^wq/^?h v cen/

¤hqsks¢e4L@< @





Y'ldlqgis_jtl  ]_p/|kl%¦q^  !ycm^n
yw     7 ³       ³       
    ,  ³       ³  ³    ³ 
 7 ³    
     ,  7   ³       ¢
	f
hu<gmcihu|k^gegih/







hug [^|kl v wNnhu]_cey[prjtce]_ceskh%jkcml<ncmjtZG ^n/^jtciy Xgµ¯
<lq|kcµjkZ/]%#  L 
 ³        $<³ 
   &                ; cege^wq :Z/ciyZ/^sxjt^|
¢ _¢e 4L@F@q£
2 `6  4¢ bryZ





Xf/]¥E^|su  7 ³              #             	     =     ,r³ 
  * 
  ³#   7   ³      ,  %/ 1G   /4?q
r¤hRw 4L@JB @
2H96  #  )F  	        ,   :l<]_p/frjkhujtcelqn
hqg  wdn
hq]_ceys  lqn v l<n§4L@F@q
2 £6 ¢ 7 ¢ bdZhup/ce|tl $   *   ³   
 $   
 *   ³      ³ &8   ,r³ 




¢  ^p/cen/^<FD¢ G f
cm¥
hqf/gmj%¯4¢ Y |k^phun/ce^|? D¢ {^p/cmn    ³  ³ ( 
   , ³    	  ³       ³ 
      ³  	 #      ³        




2 6 M¢ {}ce^<gD ;¢ Y[cegmge^|? $    	          bdp
|tcen/q^|/ª^|tgecmn 4L@ @CH
2 @6
¢ ¢ b/hu]_^|k^Z§     ,    *  <    #  =7 ³ (  ³     
³! $,   b  'hun/<gm^w|k^st^hu|yZ
y^nNjt^| 7 hu]_prjtl<n§?   4A@ @F@
2846 GB¢ D
hq|tcen§  ,       
   ,            ,   ³ 

     =7  ³  ³  
Sp/p§¢$H 4¯ HFHr yh%¯
v ^]_cey{}|k^sks  n
yu¢ebrhqn  cm^ql4L@ @<
284476  ¢Ðbdp/ciy^|?
¢ :ldl<¨E ¢ {lqgelqn/cÎ/{¢ br^n§"# "$# %  
 ,    ³   ,   ³ &'&7   ³    ³    # ³  ³ 
  ³  !  b @q/(
¢ ; cmge^wstlqn
s 4L@ @<
284?6 ¢ 7 ^sxjt^n/^s$  & ,       
 ³     7   





¢ ¢  ^?sxc v ^|kcÎ ¢ ¢ Y'hqn/
      
 ³  #  =7 7 ³  ³    ,+ ( ³ 7  ,         ³   %³ 
  ³  
     |k^pElq|tj 8cmnop/|k^phu|h%jtcelqn 
Ü'Ü Ç>??@A
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
